Background and Purpose-The ABCD system was developed to predict early stroke risk after transient ischemic attack.
T ransient ischemic attack (TIA) carries a high early risk of stroke 1 and the presence of acute brain infarction may be associated with a particularly high risk. [2] [3] [4] [5] [6] The ABCD system (ABCD and subsequent ABCD 2 score) 7, 8 is a prognostic tool developed to predict stroke risk in the acute phase after TIA. The system was designed to be used in primary and emergency care settings by identifying high-risk individuals to facilitate triage to specialist care and target secondary prevention. It is based on clinical features identifiable at the time of initial assessment, before specialist evaluation, and deliberately does not include the results of brain imaging.
Since publication, the use of the system has been recommended by national guidelines in North America, Europe, and Australasia 9 -12 and validation studies have found it to be predictive in a large number patients with TIA diagnosed according to World Health Organization, time-based criteria 13, 14 recruited from a range of clinical settings. 15 Although developed for use in cohorts of patients before investigation, the possibility has been raised that prognostication might be improved after evaluation in secondary care by the incorporation of information from investigations, particularly the presence of brain infarction on imaging. 3, 6 However, patients with high ABCD 2 scores are more likely to have brain infarction on diffusion-weighted imaging (DWI) 16 and so the additional predictive value of a composite score is uncertain. Studies published thus far have been too small to address this issue reliably, far too small to determine appropriate weighting for any imaging features, and meta-analysis of published data is undermined by inconsistent definitions of abnormality on imaging.
We therefore performed an appropriately powered international, multicenter collaborative study to determine the extent to which the predictive value of the ABCD 2 score is improved by incorporation of brain infarction on imaging and the optimal weighting of infarction in the score (ABCD 2 I score).
Methods
This is a multicenter collaborative study. Independent research centers that collected sufficiently detailed information on prognosis, ABCD 2 score, and brain infarction in cohorts of patients with TIA were identified from a systematic review 15 and were invited to submit unpublished data. Patients were eligible if they had a diagnosis of TIA made according to the World Health Organization, time-based definition, 13, 14 brain imaging by either MRI or CT, and follow-up to at least 7 days. Those with stroke according to the World Health Organization criteria 13, 14 or alternative, nonneurovascular diagnoses were excluded.
We also searched for other studies of the ABCD system, stroke risk, and brain imaging in TIA not included in the systematic review. 15 The following data were requested from authors or extracted from reports: (1) study method-country, dates, clinical setting, methods of ascertainment, inception diagnosis and by whom it was made, delay to evaluation, methods of follow-up, and adjudication of outcomes; (2) brain imaging-modality and adjudication of the presence of brain infarction; (3) application of ABCD 2 scoresmethod of extraction of data and calculation of score; and (4) results-numbers of subjects and outcomes stratified by ABCD 2 score and presence or absence of brain infarction as defined subsequently.
To investigate the incorporation of brain infarction into the ABCD system, an infarction component was derived as follows: (1) on DWI, any acute infarction, irrespective of whether it was appropriate to the presenting symptoms; and (2) on CT imaging, any infarction (given the unreliability of distinction between acute and old infarction).
To assess the optimal weighting of infarction for incorporation into the ABCD system to yield maximal discrimination, the infarction component was allocated an "I score" of increasing integer value in separate analyses. Patients without infarction on brain imaging were allocated an I score of zero. For each cohort, the clinical component (ABCD 2 score, total 0 to 7) and infarction component (I score of 0 to x, depending on weighting) were then added to calculate a unified ABCD 2 I score. The discriminatory power of the ABCD 2 and differently weighted ABCD 2 I scores were then calculated for each cohort separately. Random-effects meta-analysis was used to calculate pooled estimates.
Statistical Analysis
For each study, the percentage risk of stroke and the corresponding sensitivity and specificity were calculated for all reported cut points of the scores over the time interval(s) reported. Discriminatory power was calculated from the area under the receiver operator characteristic curve (AUC) with 95% CIs using standard methods. Ideal discrimination produces an AUC of 1.0, whereas discrimination that is no better than chance produces an AUC of 0.5. Pooled AUCs were obtained by random-effects meta-analysis. 17, 18 Statistical analyses were done with SPSS Version 15.0 (SPSS Inc, Chicago, Ill).
Results
The systematic review of the ABCD system 15 included 20 studies, of which 12 studies had sufficiently detailed clinical and imaging data to calculate ABCD 2 scores and characterize brain infarction. The additional search of electronic databases yielded 2297 publications. After screening, 156 reports were identified for full-text review. Five further reports were identified by searching relevant reference lists and abstract books from recent conferences. No further studies were identified by hand searches of the 3 journals from which most eligible studies were identified electronically (Lancet, Stroke, Cerebrovascular Diseases). All publications were in English. The literature search identified all 12 studies already included in the systematic review but found no other relevant reports.
Twelve independent studies were therefore included in the collaboration. 2-7,19 -24 Authors from all centers provided unpublished data. Study methods are summarized in Table 1 . All studies included patients with World Health Organization-defined TIA who received brain imaging and excluded those with stroke and non-cerebrovascular diagnoses. Two studies were population-based, 7,23 recruiting consecutive patients from predefined populations, 5 were from emergency departments (EDs), [3] [4] [5] 21, 24 and 5 were from specialist neurovascular units. 2, 6, 19, 20, 22 In 10, the diagnosis of TIA was made by a stroke physician or neurologist, whereas in 2, 4,24 the diagnosis was made by an ED physician. Nine studies excluded patients who presented after prespecified intervals after symptom onset. [2] [3] [4] [5] [6] 19, 21, 22, 24 Five studies used DWI only, 2,5,6,21,22 3 studies used CT imaging only, 3,4,7 and 4 used a combination of the 2 modalities. 19, 20, 23, 24 These latter 4 studies 19, 20, 23, 24 each contributed 2 cohorts, 1 imaged with DWI and the other with CT; to avoid double-counting of patients, only DWI results were counted in patients who had been imaged with both DWI and CT. Sixteen cohorts in total were therefore included from the 12 studies; 9 were DWIimaged and 7 were CT-imaged. CT tended to be used in the ED and population-based studies and DWI was used in neurovascular unit studies. ABCD 2 scores were recorded in 15 of the cohorts but 1 recorded only the ABCD score, values of which were substituted for the ABCD 2 score. 3 All outcome stroke events were based on patient evaluation, review of clinical notes, and brain imaging. Table 2 summarizes rates of infarction and stroke outcomes for each cohort. The ABCD 2 score was used in 3206 patients imaged with DWI from 9 cohorts. 2,5,6,19 -24 Acute infarction was present in 884 (27.6%). Follow-up was complete to 7 days, when 72 patients had a stroke; 2606 patients were followed up to 90 days when a further 72 had a stroke. ABCD or ABCD 2 scores were used in 1368 patients imaged with CT from 7 cohorts. 3, 4, 7, 19, 20, 23, 24 Acute or old infarction was present in 327 (23.9%). Seventy-three of 1368 CTimaged patients had a stroke within 7 days of TIA; 1094 were followed up to 90 days when 104 patients had a stroke. For patients imaged with DWI, the rate of stroke at 7 days was 63 of 884 (7.1%, 5.5 to 9.1) for those with infarction compared with 9 of 2322 (0.4%, 0.2 to 0.7) without. Corresponding stroke rates for those imaged with CT were 42 of 327 (12.8%, 9.3 to 17.4) for those with acute or old infarction compared with 31 of 1041 (3.0%, 2.0 to 4.2) for those without. Table 3 reports the discriminatory power as measured by the AUC of the ABCD 2 score and the presence of infarction for stroke at 7 and 90 days. The presence of infarction on DWI tended to be a more powerful predictor of stroke than on CT. The pooled AUC for the prediction of the presence of infarction by the ABCD 2 score was 0.60 (0.57 to 0.64) across all cohorts combined and 0.62 (0.57 to 0.58) and 0.57 (0.53 to 0.61) for cohorts imaged with DWI and CT, respectively (all PϽ0.0001). The OR for stroke at 7 days in the presence of brain infarction was 7.9 (5.4 to 11.4) overall and 19.7 (9.8 to 39.8) for DWI and 4.8 (3.0 to 7.8) for CT (all PϽ0.001). Corresponding OR after adjustment for ABCD 2 scores were 6.2 (4.2 to 9.0) overall and 14.9 (7.4 to 30.2) for DWI and 4.2 (2.6 to 6.9) for CT (all PϽ0.001).
For each cohort, those with brain infarction were allocated an integer I score and those without were allocated an I score of zero. Unified scores (ABCD 2 I) were calculated by adding the I score to the ABCD 2 score, and corresponding discriminatory power for prediction of stroke was determined using receiver operator characteristic analyses. Table 4 gives the AUCs for prediction of stroke at 7 days for individual cohorts and pooled estimates for the ABCD 2 and ABCD 2 I scores with different weightings of the infarction component. Table 5 gives corresponding results for prediction of stroke risk at 90 days. For all cohorts except 2, and in all pooled analyses, the predictive power of the unified ABCD 2 I scores was better than the ABCD 2 score alone. The greatest improvement in predictive power was observed when the infarction component was weighted more heavily with the allocation of 3 points, making the ABCD 2 I score out of a total of 10. Sensitivity analyses were performed by allocating weightings to the infarction component of Ͼ3 points, but these did not yield improvements in predictive performance.
The Figure shows the percentage risk of stroke at 7 days plotted against the cut points of ABCD 2 and differently weighted ABCD 2 I scores.
Discussion
Our results show that in 4574 patients with TIA from 12 independent centers, diagnosed according to the World Health Organization, time-based definition, 13, 14 with 145 stroke outcomes at 7 days, the incorporation of infarction into the ABCD 2 score (ABCD 2 I) improves discriminatory power for prediction of early recurrent stroke. Discrimination, measured by pooled AUCs, is greatest when the infarction component is heavily weighted (3 points) in comparison to other elements of the ABCD 2 score, giving an ABCD 2 I score out of a total of 10 points. Acute infarction on DWI and new or old infarction identified on CT improve discrimination measured by AUC to a similar extent. Our results support the use of a staged approach to risk prediction in patients with TIA, first with clinical data available at initial patient assessment and then with brain imaging data, available after evaluation in specialist care.
Infarction, particularly on DWI, is associated with high early stroke risk after TIA, 2, 5, 6 and the incorporation of brain infarction into a risk prediction tool is therefore sensible. However, several studies have shown that the presence of brain infarction on DWI is associated with individual elements of the ABCD system. 16, 25 In a meta-analysis of published and unpublished data from 19 studies, Redgrave and colleagues found that symptom duration over 60 minutes, dysphasia, dysarthria, and motor weakness were all independently associated with the presence of acute infarction on DWI, although diabetes, increasing age, and hypertension were not. 16 In a separate analysis of individual patient data in 808 patients with TIA from 9 studies, Shah and colleagues also found motor weakness and longer duration of symptoms to be associated with DWI positivity. 25 Corresponding studies of the association between determinants of stroke risk after TIA and findings on CT are lacking. Such associations between the elements of the ABCD system and DWI positivity may be expected to partially confound the predictive value of the unified ABCD 2 I score. However, our results indicate that brain infarction provides additional prognostic information and incorporation of an infarction component into the system is justified. Our results show that the prognostic yield of the combination of acute or old infarction on CT is similar to that of acute infarction on DWI. Our study did not identify chronic infarction on MRI, and this may have reduced the yield of MRI, but this would probably have led to the inclusion of nonspecific findings in a large number of cases. In comparison to MRI, CT scanning is quick, inexpensive, and widely available, especially in emergency care settings, and remains the predominant neuroimaging modality available for TIA in many centers. In a countrywide survey of ED attenders with TIA in the United States from the National Hospital Ambulatory Medical Care Survey (NHAMCS) up to 2001, 56% of patients received CT imaging and Ͻ5% received MRI, although rates of MRI will have increased subsequently. 26 However, despite its availability, CT has the disadvantages of reduced sensitivity for early infarction and radiation exposure and MRI with DWI remains the imaging modality of choice in TIA. 9, 10 The use of the ABCD 2 score for identifying either high-or low-risk groups currently differs between healthcare systems. For instance, in the United Kingdom, guidelines recommend that patients with scores Ͼ3 are triaged to urgent assessment within 24 hours, 10 whereas in the United States, some centers use the score to triage patients in the ED between hospital admission and outpatient assessment. 9 The Figure summarizes observed stroke risks and percentages of patients for different ABCD 2 score cut points and demonstrate that low-, intermediate-, and high-risk groups can be identified. Importantly, of the 9 cohorts imaged with DWI, 5 were based in specialist neurovascular units, 2, 6, 19, 20, 22 providing urgent and intensive treatment, in which low rates of subsequent stroke are frequently observed, whereas in the 7 cohorts using CT, 5 3,4,7,23,24 were based in either EDs or population-based studies in which higher rates of subsequent stroke are observed. 1 It is likely that the use of a staged approach to risk stratification will vary between healthcare systems, according to the delays to patients' presentation to emergency and specialist care, relative availability of different imaging modalities, and the preferred setting(s) for specialist assessment.
In addition to its usefulness in routine clinical practice, a unified ABCD 2 I score could also be beneficial in selecting patients for clinical trials in research. The Figure shows that recruiting subjects into a trial with an ABCD 2 I cut point of Ն5 would enroll 50% of patients and capture 90% of outcome strokes in contrast to a cut point of 4 for the ABCD2 score, which would capture a similar proportion of outcome strokes but enroll approximately 60% of patients.
Although we believe our findings are valid, our study does have some shortcomings. We have combined results from 12 studies, ascertained over an 11-year period, treated in different healthcare settings in different countries and using different imaging modalities. Rates of outcomes also differed. Although such variation in study methods may jeopardize the validity of a prognostic scoring system, we feel that this approach is justified because it reflects routine clinical practice in which the system is designed to be used. The consistent improvement in predictive power observed with the incorporation of infarction into the ABCD 2 I score supports the generalizability of our findings.
In summary, we have found that incorporation of brain infarction into the ABCD 2 score (ABCD 2 I) improves prediction of stroke in the early phase after TIA defined by World Health Organization, time-based criteria. Our findings support a staged approach to the evaluation of patients with transient neurological symptoms caused by brain ischemia in which clinical and then imaging data characterize diagnosis and risk. However, other potential determinants of stroke risk after TIA have been identified in addition to clinical features and infarction, including large artery disease, although this may depend on delay to carotid intervention. Further refinement of the ABCD system is likely, but large studies using consistent methodology and individual patient data are necessary to determine the exact weighting of markers of vascular instability for optimal risk prediction.
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